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Abstract 
The purpose of this paper is to execute a comparative study of green school guidelines with the review of the current 
literature. The method of this study is to use secondary data regarding green school design elements in foreign 
countries school. The data assembled from various countries will be discussed with regards to the applications of its 
elements into Malaysian green school design. The result of the comparative study will be used to identify the design 
elements of Malaysian school designs towards a green and sustainable building. Therefore, finding from this research 
is expected to encourage the Malaysian government to develop and create a guideline for green school design in 
Malaysia.  
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1. Introduction 
School students in Malaysia generally spent between five to ten hours per day in school. The Muslim 
children usually spend more due to attending religious school such as Sekolah Rendah Agama (SRA) or 
Sekolah Menengah Agama (SMA). Obviously, present children spend more time in their school 
environment than in their home environment. Hence, it is not wrong to conclude that their behavioral 
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growth is affected more by their school environment than their home environment. As a response to these, 
the continuous effort towards improving the school environment in Malaysia is being carried out. 
 
Schools are institutional spaces for communities of learners, including both students and teachers. 
School is an institution where the process of teaching and learning is conducted (Freiberg, 1999). The 
green school design is looked upon as one of the elements that influence the students’ outcome. Previous 
study shows that the school environment affected the students’ achievement (Rudd, et. al, 2008 and 
Schneider, 2002). There are many factors contributing to achieving the quality of education and 
increasing students’ outcome. The literature review shows that the student’s achievement was contributed 
to the quality of education as well as the quality of life. Hence, to achieve the objective of positive school 
environment, the green school design should be adapted into school design in Malaysia. There are many 
elements and components that formed the green school design. Some of the important components are 
building envelope, building orientation and indoor environment quality (National Research Council, 
2006).  
Since the school environment contributes to this phenomenon, the purpose of this paper is to execute a 
comparative study of green school guidelines with the review of the current literature. This is part of the 
research activity which to study about the green school guidelines, benefits of green school design and 
general characteristics of green school design. The method of this study is to use secondary data regarding 
green school guidelines in foreign countries school. The chosen guideline which are the US 
Environmental Protection Agency (US EPA), Collaborative for High Performance Schools (CHPS) and 
US Green Building Council (USGBC- LEED) for Schools, will be compared and analyze. The assembled 
data from those authorities will be discussed regarding the applications of its elements into Malaysian 
green school design. The result of this comparative study will be used to identify the design elements of 
Malaysian school design towards a green and sustainable building.    
The definition of sustainability is subjective and possibly need to be framed within a specific context 
to hold specific meaning, although there is extensive agreement that it is about balancing and integrating 
environmental, social and economic elements (Beyer, 2002). There is no consistent definition on what it 
means to be sustainable in terms of building and construction and human settlements.  
Kilbert (1994) defines sustainable as the creation and responsible management of a healthily built 
environment based on resource efficiency and ecological principles. In a similar manner, Vieria agreed 
and further pointed out those strategies that look at a site’s natural land, water, air and energy resources as 
integral aspects of the design (Vieria, 1993). From this author’s perspective, Beyer (2002) had concluded 
that sustainable can be classified as well-being constructed human places that can adequately satisfy 
people needs such as security, health, comfort and spiritual well-being, by maximizing the natural 
resources from the local area (materials, climate) whilst not affecting or adversely impacting on the 
natural environment (resource depletion, pollution, waste). 
Sustainability is defined by the World Commission on Environment and Development as meeting the 
needs of today without compromising the ability of future generations to meet their own needs. 
Sustainable Building is a fully integrated; “whole building” approach to design, construction, and 
operation. Sustainable buildings are also referred to as green or high performance buildings designed to: 
provide optimal environmental and economic performance; increase efficiencies thereby saving energy, 
water, and other resources; furnish satisfying, productive, and quality indoor spaces; use environmentally 
preferable materials; and educate building occupants about efficiency and conservation (Olson & Kellum, 
2003). 
Dick (2007) stated that a green building also known as sustainable building is a structure that is 
designed, built, renovated, operated, or reused in an ecological and resource-efficient manner. Green 
buildings are designed to meet certain objectives such as protecting occupant health, improving employee 
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productivity, using energy, water, and other resources more efficiently, and reducing the overall impact to 
the environment. 
2. Green School  
2.1. Green School Definition 
The U.S. Green Building Council (USGBC), on its website greenschoolbuildings.org had defined a 
green school as school building or facilities that create a healthy environment that is conducive to 
learning as well as saving energy, resources and money. Gordon (2010) states that green school is the 
physical result of the consensus process of planning, design, and construction that takes into account a 
building’s performance over its entire 50- to 60-year life cycle. Gordon further pointed out that the green 
school is built so that it can provide clean fresh air, a comfortable temperature range, abundant light, and 
low distraction from unwanted noise while also maximizing resource efficiency, minimizing pollution, 
and teaching students the importance of innovation in the built environment.  
Gary Bailey, Vice President of Innovative Design, in his interview session with Olson and Kellum 
(2003) concurs that sustainable or green schools can create better learning environments. The concept of 
sustainable development reflects an understanding that we must meet the needs of the present without 
compromising the ability of future generations to meet their own needs. A sustainable school not only 
embraces the concept of sustainability but is, in itself, a teaching tool for sustainability.  
2.2. Green School Benefits 
Kats et.al (2005), had underlined the benefits of green schools as in the Capital E. Report which are 
energy cost saving, emissions reduction benefits, water and wastewater benefits, health and learning 
benefits and financial benefits. According to Kats (2006), green schools provide financial benefits that are 
20 times larger than conventional schools. The report review that green schools cost less than 2% more 
than conventional schools in America. Greening school design provides an extraordinarily cost-effective 
way to enhance student learning, reduce health and operational costs and, ultimately, increase school 
quality and competitiveness. Gordon (2010) agreed that green schools will enable students to study in 
healthier indoor environments and helps save energy and water. Gordon (2010) further pointed out that 
green school also saves money in operational cost. Saving money in operations and maintenance of green 
school building is beneficial to the school community because it frees up those operational funds for more 
teachers, equipment and activities. 
In a survey by Turner Construction Company, one of the leading general builders in the U.S., the 
results show that green building costs less than what the general public thinks, but this misconception is 
still the primary obstacle for people to accept the construction of green building. Turner Green Building 
Survey on 2005 emphasized that the benefits of green school design can be divided into three. There are 
financial benefits, environmental benefits and student, teacher and societal benefits.  
Similarly to Kats et.al (2005), green schools use an average of 33% less energy than conventionally 
designed schools. Typical energy performance enhancements include more efficient lighting, greater use 
of day lighting and sensors, more efficient heating and cooling systems and better insulated walls and 
roofs. U.S. National Research Council added that green school design had estimated an average water use 
reduction of 32%. It is saving the cost of the school building as well as reduced pollution and decreased 
infrastructure and maintenance costs to deliver water and to transport and treat wastewater.  
Furthermore, green schools design provide additional benefits that are not quantified such as reduced 
teacher sick days, reduced operations and maintenance costs, reduced insured and uninsured risks, 
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improved power quality and reliability, increased state competitiveness, reduced social inequity, and 
educational enrichment as reported by Kats (2006).  
The USGBC researched the benefits of sustainable or green schools. The benefits were broad, ranging 
from the impact on student health, test scores, and teacher retention to reduce operational costs (USGBC, 
2008). Facility improvements directly related to student performance improvements is additional daylight, 
improved indoor air quality, enhanced classroom acoustics, and comfortable and consistent indoor 
temperatures (USGBC, 2008). The green school itself also serves as a teaching tool – demonstrating to 
students, faculty, and parent’s practical ways and it can turn back the clock on global warming while 
creating healthier, more efficient, and less costly learning environments. 
2.3. General Characteristics of Green School 
The Centre of Green School under the U.S. Green Building Council had emphasized the general 
characteristics of green school that are important in order to develop and to build the green school design. 
The characteristics are:  
x Conserves energy and natural resources 
x Improves indoor air quality 
x Removes toxic materials from places where children learn and play 
x Employs daylighting strategies and improves classroom acoustics  
x Decreases the burden on municipal water and wastewater treatment 
x Encourages waste management efforts to benefit the local community and region 
x Conserves fresh drinking water and helps manage storm water runoff  
x Encourage recycling 
x Promote habitats protection 
x Reduced demand on local landfills 
3. Green School Guidelines 
According to Gordon (2010), the U.S. Green Building Council initially developed the Leadership in 
Energy and Environmental Design (LEED) rating system to address all buildings. The project checklist 
for LEED for schools has seven categories, five of which have requisite goals and all of which have 
additional goals that award a school project various points. The seven categories are sustainable sites, 
water efficiency, energy and atmosphere, materials and resources, indoor environmental quality, 
innovation in design, and regional priority.  
The criteria of green school guideline in Collaborative for High Performance Schools (CHPS) are 
similar to USGBC LEED, but it was developed specifically for schools. CHPS began in California in 
1999. The CHPS Web site defines green schools as having the following 13 attributes: “healthy, 
comfortable, energy efficient, material efficient, water efficient, easy to maintain and operate, 
commissioned, environmentally responsive site, a building that teaches, safe and secure, community 
resource, stimulating architecture, and adaptable to changing needs” (CHPS, 2004). The criterion for 
achieving green schools addresses seven main categories: Leadership, Education, and Innovation; 
Sustainable Sites; Water; Energy; Climate; Materials and Waste Management; and Indoor Environmental 
Quality.  
As stated in the Green School attribute for Health and Learning report by U.S National Academy of 
Sciences (NRC, 2006), green school objectives are to be achieved through the guidelines. Green school 
design guidelines move well beyond design and engineering criteria for the buildings, concentrate on land 
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use, processes for construction and equipment installation, and operation and maintenance practices. It 
includes design and engineering techniques to meet specific objectives which are: 
x Locating schools near public transportation to reduce pollution  
x Placing a building on a green site so as to minimize its environmental impact and make the most of 
available natural light and solar gain 
x Designing irrigation systems and indoor plumbing systems to conserve water 
x Designing energy and lighting systems thus conserving fossil fuels and maximizing the use of 
renewable resources 
x Selecting materials that are nontoxic, biodegradable, and easily recycled  
x Creating an indoor environment that provides occupants with a comfortable temperature, good air 
quality, lighting, and acoustics. 
Table 1. Differences between green school design elements in three authorities 
The U.S. National Academy of Sciences report also recommend that green school design guidelines 
should include construction techniques to meet objectives such as the appropriate storage of materials on 
construction sites to avoid water damage, decrease the utilization of waste materials and appropriate 
Criteria 
Authorities 
US Environmental 
Protection Agency (US 
EPA) Design Tools for 
Schools 
Collaborative for High 
Performance Schools 
(CHPS) 
US Green Building 
Council LEED for 
Schools (The Center for 
Green School-K-12 
Education) 
Indoor air quality √ √ √ 
Thermal Comfort √ √ √ 
Acoustic  √ √ √ 
Day lighting  √ √ √ 
Solar panels   √ 
Green roof   √ 
Water Efficiency √ √ √ 
Energy Efficiency √ √ √ 
Energy Efficient Lighting √  √ 
Mold Prevention   √ 
Join Use of Facilities   √ 
Recycling   √ 
Low-Emitting Materials  √ √ 
Alternative Transport Option   √ 
Material Efficient √ √  
Easy to Maintain & Operate √   
Save & Secure √   
Commissioned √   
Site Selection √ √  
Pollutant & Chemical Source Control  √  
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disposal to reduce resource depletion, and the introduction of commissioning practices to ensure the 
performance of building systems. Operation and maintenance practices are to achieve good indoor 
environmental quality including using nontoxic materials, replacing air filters in ventilation systems 
regularly, and establishing a long-term indoor environmental management plan (NRC, 2006).  
Green school guidelines differ for each authority in the country. However, there are still similarity in 
some aspects or criteria such as indoor air quality, day lighting, energy efficiency, acoustic element and 
water efficiency. Table 1 showed differences between green school design elements in three authorities 
which are the U.S. Environmental Protection Agency (U.S. EPA), Collaborative for High Performance 
Schools (CHPS) and U.S. Green Building Council – LEED For Schools (K-12: The Centre for Green 
Schools).  
Table 1 showed common criteria for all the authorities and those criteria may be concluded to be the 
most important criteria. Almost all authorities agreed in order to design and build a green school building 
these criteria are essential. Therefore, it is essential that these criteria to be considered as very important 
in developing the Malaysian green school design guideline in future. The criteria are indoor air quality, 
thermal comfort, acoustic, day lighting, water efficiency and energy efficiency.  
3.1. Indoor Air Quality 
One important point to consider when creating good indoor environmental quality is to have good 
indoor air quality (Dougan and Damiano, 2003). This means having acceptable levels of airborne 
pollutants, such as volatile organic compounds (VOCs), carbon dioxide (CO2), and other pollutants such 
as pathogens and allergens, including viruses, microbes, mold, and dander.  
The first way to avoid pollutants is to eliminate or contain their sources inside the school building: 
such as wet areas, VOC-emitting building materials, and some cleansing agents. Even the presence of 
occupants in the school will build up CO2, moisture, dirt, lint, and dander if areas are not ventilated and 
properly maintained (Gordon, 2010). 
3.2. Thermal Comfort 
Ideally, classrooms should be provided with a minimum of 13-15 cubic feet per minute (cfm) of 
outside air per person (ASHRAE 62.1-2005). Wargocki et al. (2005) having done a study on 10-year-old 
children in which the average air temperatures were reduced from 23.6oC (74.5oF) to 20oC (68oF) and 
outdoor air supply rates were increased from 11 to 20.4 cfm per person for a week, found that school 
tasks, from reading to mathematics, improved measurably, thus indicating that increasing fresh air and 
decreasing temperatures slightly can substantially improve children’s schoolwork.  
In another study by Lawrence Berkeley Labs, in 2009, the decrease in reading speed and 
comprehension at 81°F, compared to 68°F, was as much as 30 percent. Certain temperatures (not varying 
due to convection more than 3oF from the floor to five feet high) were better for different grades. 
Kindergarten and primary-grade students were most healthy and comfortable when the air temperature 
was 65oF to 68oF, compare to older students who were better at 68oF. The relative humidity in a space 
for learning also strongly influences student comfort. Students reported 72oF and 60 percent relative 
humidity quite acceptable. However, as air temperatures rises, however, the relative humidity should 
decrease to maintain comfort (Castaldi, 2004). 
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3.3. Acoustic 
According to American National Standard Institute (ANSI, 2002), the standard for acoustical 
performance in schools is ANSI/ASA S12.60. It lists three background noise sources which are the 
building systems, exterior sound transmission and sound transmission from adjacent spaces which 
includes noise from HVAC and plumbing systems.  
Singer (2003) stated that acoustic problems affect children’s academic performance for two reasons: 
noise is a distraction and it makes the children unable to understand the teacher because of inappropriate 
levels of the signal-to-noise ratio, articulation loss of consonants, noise criteria rating, and reverberation. 
Bronzaft (2007) agreed that children chronically exposed to noise distractions, such as outside traffic, 
have lower reading scores than those who attend school and live in places with quieter surroundings. 
Background noise is particularly distracting for children under the ages of 13 to 15 because younger 
children have not yet developed their listening skills to be able to differentiate the spoken word from the 
background sound (NRC, 2006).  
3.4. Day Lighting 
Day lighting is important to school communities in order to improve their performance. One study 
from Heschong– Mahone Group in 2002 showed that elementary students in the classrooms with the most 
day light improve in learning rates compared to students in classroom with the least day light by 21 
percent. This result which have important implications for school design, affirm that daylight has a 
positive and significant influence on student performance (Heschong– Mahone Group, 2002).  Design 
elements such as light shelves for daylight distribution and proper sizing and placement of windows will 
be necessary to maximize day lighting without increasing glare or heat gain. In addition, specifying 
efficient lighting fixtures to supplement available daylight will ensure maximum energy conservation 
(NRC, 2006).  
The second emphasize criteria that is also important in guideline is the lighting fittings and materials as 
well as site selection. These criteria are more emphasize on interior design elements for example the 
energy efficiency lighting, low emitting materials and material efficiency. It is observe that this criteria 
concerning and additional factors to maintaining occupant’s health. However, site selection is vital 
criteria that should be considered in designing the green school building. Selection of the site is the most 
important criteria that should be consider before start to design the green school building in order to 
acquire the thermal comfort of the occupant and to optimize the green school design. Other optional 
criteria such as solar panels, green roof, mold prevention and recycling are guideline from US Building 
Council LEED which is parallel to the engineering of the school building. US EPA emphasize on the 
other optional which are ease in maintaining and operating with save and secure environment that is more 
in lined with the objectives for the environment. However, CHPS only highlighted the pollutant and 
chemical source control as the optional criteria in green school design guideline.   
4. Conclusion 
In Malaysia, obviously the criteria that were concluded from Table 1 as very important to all 
authorities studied and should not be compromise in the effort of developing the Malaysian green school 
design guideline. Again listed here, there are indoor air quality, thermal comfort, acoustic, day lighting, 
water efficiency and energy efficiency. However, the reader should note that criteria in a green school 
guideline by CHPS on the environmentalist perspective, and approach is more towards the interior 
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environment, while the criteria by US Green Building Council LEED were develop through the 
engineers’ perspective, therefore it emphasize more towards the engineering aspect of the school building.  
The literature reviews lead to conclusion that the Malaysian government should start taking action in 
designing and constructing the green school by referring to the general guideline, but moulding at 
uniquely to suit to the Malaysian climate and culture. However, there are several other criteria that can be 
adapted into Malaysia school building as the checklist from Guide to Green School Design in 
www.healthyschool.org Website. The criteria are good indoor air quality (IAQ), visual comfort, thermal 
comfort, acoustic comfort, energy, water and materials efficiency, and safety and security. 
However, the author would like to point out another perspective regarding the criteria discussed of 
green school design. Most of the criteria if the reader noticed, are also contributing factors of a school’s 
physical environment, especially to the classroom. 
4.1. Good IAQ (Indoor Air Quality) 
When designing Malaysian schools, the most important thing is to prevent indoor air pollution. This 
can be done by using nontoxic interior finishes, cleaners and school supplies. Moreover, when 
constructing the school building, wet sites should be avoided and keep idling vehicles away from the 
school. Design and build school building with plenty of windows that operable. Poor IAQ will cause 
asthmatic problem and leading to student absenteeism (Smedje and Norback, 1999). Furthermore, 
students will suffer from headaches, drowsiness and limited concentration if they stay in schools with 
poor ventilation. Poor IAQ also contributes to the existence of mould in the school buildings (Bates, 
1996). 
4.2. Day Lighting 
It is important for the designer to incorporate day lighting that can be controlled as well as to eliminate 
glare when designing school building in Malaysia. In addition, using high performance electric lighting 
such as energy efficient lighting system can also contribute to the green school design. Day lighting refers 
to the controlled admission of natural light through windows. The designer should know how to position 
windows and arrange the room layouts to maximize natural light. Natural lighting is associated with 
higher test scores, better work habits and decreased fatigue, headaches, and eye strain. Students in 
classrooms with large windows and skylights outperform students in schools with less day lighting by up 
to 14 % on end-of-grade tests. It also leads to greater energy efficiency and cost savings for schools. 
(Nicklas and Bailey, 2012) 
4.3. Thermal Comfort  
In order to gain thermal comfort in school building interiors, the designer should properly install 
mechanical ventilation, and air conditioning (HVAC) systems. Plenty of penetration is also a factor that 
can allow natural ventilation to cooler the indoor area of school building as well as to gain thermal 
comfort for the occupants. If the air conditioning (HVAC) system is installed, it should have individual 
room controls. Thermal comfort affects mold growth and indoor water intrusions. Mold growth 
contributes to decreased indoor air quality which can greatly affect students with asthma. (Bates and 
Mahaffy, 1996). 
4.4. Acoustic Comfort 
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Noise refers to any unwanted, extraneous sound. Excessive background noise interferes with the 
learning process and leads to noise-induced hearing loss, stress, mental health and behavior problems, 
decreased students performance and cognitive delays (Slater, 1986). Acoustic comfort can be reduced 
from sound reverberations, including those from HVAC systems, electric appliances and TV/VCRs. 
Building schools away from the main road or highways can limit the amount of “outside” noise from 
roads. Moreover, using good thermal materials can reduce noise form playgrounds, gyms or cafeterias.  
4.5. Energy, Water, & Material Efficiency 
Malaysian schools should use renewable energy whenever possible. Firstly by reducing water use in 
school with water-conserving faucets and fixtures as well as using high efficiency equipment and 
automatic bathroom sink shutoffs. The school community should use recycled materials, implement a 
recycling plan for the school and encourage the school community to be active in reduce, reuse and 
recycle activities. Material efficiency and conservation promotes environmental responsibility and it will 
benefit in decreasing the operational costs to schools community. 
4.6. Safety & Security 
In order to provide full security in Malaysian schools, designers and architects should provide careful 
exterior lighting to minimize the areas of the school that are hidden. Designing open stairwells, graffiti-
resistant surfaces, attractively fenced playgrounds, and limited building entries will increase safety and 
security for school communities. 
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